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Objective: This review addresses the historical evolution of hiatal
hernia (HH) repair and reports in a chronological fashion the major
milestones in HH surgery before the laparoscopic era.
Methods: The medical literature and the collections of the History
of Medicine Division of the National Library of Medicine were
searched. Secondary references from all sources were studied. The
senior author’s experience and personal communications are also
reported.
Results: The first report of HH was published in 1853 by Bowditch.
Rokitansky in 1855 demonstrated that esophagitis was due to gas-
troesophageal reflux, and Hirsch in 1900 diagnosed an HH using
x-rays. Eppinger diagnosed an HH in a live patient, and Friedenwald
and Feldman related the symptoms to the presence of an HH. In
1926, Akerlund proposed the term hiatus hernia and classified HH
into the 3 types that we use today. The first elective surgical repair
was reported in 1919 by Soresi. The physiologic link between HH
and gastroesophageal reflux was made at the second half of the 20th

century by Allison and Barrett. In the midst of a physiologic
revolution, Nissen and Belsey developed their famous operations. In
1957, Collis published his innovative operation. Thal described his
technique in 1965, and in 1967, Hill published his procedure. Many
modifications of these procedures were published by Pearson and
Henderson, Orringer and Sloan, Rossetti, Dor, and Toupet. Donahue
and Demeester significantly improved Nissen’s operation, and they
were the first to truly understand its physiologic mechanism.
Conclusion: Hiatal hernia surgery has evolved from anatomic
repair to physiological restoration.

(Ann Surg 2005;241: 185–193)

Although congenital and posttraumatic diaphragmatic her-
nias were described as far back as the 16th century, hiatal

hernia was not recognized as a significant clinical entity until
the first half of the 20th century. Surprising as it seems to

modern surgeons, the relationship between hiatal hernia and
gastroesophageal reflux remained unnoticed until the 1950s.
In the second half of the 20th century, an appreciation of the
pathophysiology of gastroesophageal reflux changed hiatal
hernia surgery from simple restoration of anatomy to more
physiologic operations. At the dawn of the new millennium,
technological advances in both diagnosis and therapy have
made treatment of hiatal hernia and gastroesophageal reflux a
major component of surgical practice. This review addresses
the historical evolution of hiatal hernia repair and reports in
a chronological fashion the major milestones in hiatal hernia
surgery before the laparoscopic era.

Hiatal Hernia Before the 20th Century
Ambrose Pare (1579), Rivierius Lazari (1689), Gio-

vanni Batista Morgagni (1761), Vincent Alexander Boch-
dalek (1848), and many other distinguished physicians make
up an impressive list of pioneers whose names have been
associated with the first descriptions of posttraumatic and
congenital diaphragmatic hernias.1 Acquired herniation
through the esophageal hiatus (ie, what is now referred to as
hiatal hernia) had been described only in passing before the
x-ray era. This is probably attributable to the classic autopsy
techniques of the time in which the esophagus was usually cut
just above the diaphragm and taken out with the heart and
lungs, losing all connections with its intra-abdominal seg-
ment and stomach.2

In 1819, Rene Theophile Hyacinthe Laennec described
posttraumatic and congenital diaphragmatic hernias in his
treatise on auscultation, “De l’ auscultation mediate.”3 He
stated: “it even appears that the stomach and intestines have
at times been known to pass into the chest by the openings
which afford a passage of the esophagus, aorta and even to
the great sympathetic nerve.” Sir Astley Cooper4 in 1824 also
mentioned that protrusion of the viscera through the dia-
phragm could take place at the natural apertures formed for
the passage of esophagus, vena cava, aorta, or through un-
natural openings. Cooper considered herniation the result of
malformation or injury. In 1853, Henry Ingersoll Bowditch5

reviewed all cases of diaphragmatic hernia published between
1610 and 1846. The collected series of 88 cases, all postmor-

From the *Massachusetts General Hospital, Boston, Massachusetts; and
†Harvard Medical School, Division of General and Gastrointestinal
Surgery, Massachusetts General Hospital, Boston, Massachusetts.

Correspondence: David W. Rattner, MD, Chief, Division of General and
Gastrointestinal Surgery, Massachusetts General Hospital, Boston, MA
02114. E-mail: drattner@partners.org.

Copyright © 2004 by Lippincott Williams & Wilkins
ISSN: 0003-4932/05/24101-0185
DOI: 10.1097/01.sla.0000149430.83220.7f

Annals of Surgery • Volume 241, Number 1, January 2005 185



tem findings, contained 3 cases of “dilatation of the esopha-
geal opening,” which Bowditch characterized as “very curi-
ous.” In these 3 cases, Bowditch noted that “esophagus
presented a very abrupt change of its course. In all, it
descended through the diaphragm as usual but turned back
toward the left to enter the abnormal aperture caused by the
hernia and to join the stomach in the chest.” This was perhaps
the first report of what is now classified as a type II or
paraesophageal hernia (Fig. 1).

While the recognition of hiatal hernia as a common
anatomic abnormality would have to wait for the widespread
adoption of x-rays, the damage done to the esophagus by
gastroesophageal reflux was postulated in medical literature
as early as 1800. Charles Michel Billard6 in Paris published
the first case of esophagitis in a child in 1828. Carl Rokitan-
sky,7 a pathologist in Vienna in 1855, demonstrated that
esophagitis of the lower esophagus was due to gastroesoph-
ageal reflux. His report, however, had little impact on clinical
medicine at that time. Many clinicians such as Friedrich

Albert von Zenker8 and Sir Morrel Mackenzie9 felt reflux of
gastric juice into the esophagus to be only an agonal occur-
rence with no clinical significance. When Heinrich Quincke10

in Germany attributed 3 cases of esophageal ulceration to the
regurgitation of gastric juice in 1879, a heated controversy
developed. This controversy persisted for over half a century!
Wilder Tileston11 clearly described the typical symptoms of
esophagitis in 1906. In his study, he reviewed 41 cases and he
added 3 of his own. Although many of these patients had
esophageal ulceration, as well as frequent vomiting and
pyloric stenosis, the importance of his contribution lies in that
Tileston gave a description of the typical symptomatology of
esophagitis, and he felt that these symptoms were caused by
insufficiency of the cardia. Joseph Sheehan12 described the
esophagoscopic findings of esophagitis in 1920, and Porter
Vinson13 was the first to note the association between esoph-
agitis and stricture 1 year later. The term peptic esophagitis
was introduced in 1934 by Hamperl14 on the basis of his
pathologic studies almost 80 years after Rokitansky’s work.
One year later, Asher Winklestein15 introduced the term in
the English literature.

Hiatal Hernia in the First Half of the 20th

Century
The advent of radiography was the first important step

in the diagnosis and management of hiatal hernia. Around the
turn of the century, a first-year medical student at Harvard
Medical School (later to become a professor) named Walter
Cannon begun a research project with a fellow second-year
medical student, Albert Moser, studying deglutition with
x-rays using bismuth capsules. The project had been sug-
gested by the professor of physiology Henry Pickering Bow-
ditch. They presented their work before the American Phys-
iologic Society in 1898. Theirs was the first study of the
anatomy and physiology of the cardia by means of contrast
material.16 One year later, Moriz Benedikt repeated the ex-
periments with a mercury-filled bougie, and in 1900, Hirsch
diagnosed a hiatal hernia by means of x-rays and a mercury-
filled balloon prior to autopsy. An increasing number of cases
began to appear and at the turn of the century; it seemed like
a new disease entity had emerged. Four years later, Eppinger
diagnosed a hiatal hernia in a live patient.17 He made his
diagnosis primarily on the basis of auscultation and then used
x-rays to support his clinical judgment. In 1911, Eppinger
summarized the literature of diaphragmatic hernia identifying
635 cases, of which only 11 involved the esophageal hiatus.18

In 1925, 33 cases were added by Carl Hedblom19 in an
extensive review. In that same year, Julius Friedenwald and
Maurice Feldman20 described the typical symptoms for the
first time (ie, heartburn) and related these to the presence of
a hiatal hernia. They believed that the cause of the hernia was
the failure of the muscle surrounding the diaphragm to
closely encircle the esophagus. In 1926, Ake Akerlund21 in

FIGURE 1. Henry Ingersoll Bowditch reviewed the early series
of hiatal hernias described at postmortem examination in
1846 and probably should be credited with the first descrip-
tion of what is now referred to as a paraesophageal hernia.
(Courtesy of the National Library of Medicine.)
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Stockholm reported 30 more cases, proposed the term hiatus
hernia, and classified hiatal hernias into 3 types. Akerlund
stated, “Diaphragmatic hernia through the esophageal hiatus
may properly be termed hiatus hernia. They are most often
true nontraumatic hernias and can be classified in 3 groups: a)
hiatus hernias with congenitally shortened esophagus (tho-
racic stomach), b) paraesophageal hernias, c) hernias not
included in a and b.” He also noted that patients with hiatal
hernia complained of pain immediately after ingestion of
food, frequently associated with heartburn, and sometimes
complained of dysphagia. Despite the prevailing opinion at
the time, he concluded that hiatal hernia must be a common
affliction. In the same year, Robins and Jankelson22 demon-
strated radiographically that gastroesophageal reflux was as-
sociated with epigastric and substernal discomfort in 90% of
their patients with hiatal hernia. In 1930, Max Ritvo,23 a
Boston radiologist, published a series of 60 cases drawn from
8000 barium studies he had performed. Ritvo stated that the
cause of the “acquired esophageal orifice hernia” is the
increased intraabdominal tension, which can be caused by
conditions such as constipation, pregnancy and obesity. He
also reported epigastric pain, heartburn, nausea, vomiting,
and regurgitation as clinical correlates of hiatal hernia in the
majority of his patients but concluded that “the complaints
are mild and operative measures are only rarely necessary.”
Later that year, Moore and Kirklin24 detailed the appropriate
radiologic methods for demonstrating the presence of hiatal
hernias: the employment of recumbent postures and the
manual pressure over the abdomen. The acceptance of hiatal
hernia as a distinct entity was not universal. Kirklin pointed
out that “the clinical significance of small hernias demonstra-
ble only under more or less artificial conditions has not been
fully determined” and Sauerbruch et al25 in 1932 reported
that “the radiologic appearance of hiatal hernia occurs in the
absence of any symptoms” and considered hiatal hernia an
artifact.

The First Operative Trials
In 1919, Angelo Soresi26 published the first treatise

describing elective surgical repair of hiatus hernia entitled
“Diaphragmatic Hernia. Its Unsuspected Frequency: Its Di-
agnosis: Technique for Radical Cure.” The aim of his paper
was “to call the attention of interns and of surgeons to the
frequency of diaphragmatic hernias especially small ones,
because patients suffering from this condition are not prop-
erly treated. . . . This lack of interest is not easily explained,
because diaphragmatic hernias give rise to so many compli-
cated and serious symptoms, which if not properly attended
to, will lead the patient to an unfortunate life and premature
death.” Soresi’s paper proceeds with almost messianic zeal to
attribute a wide variety of abdominal symptoms to the pres-
ence of even the smallest hiatal hernias. In spite of being
melodramatic, Soresi’s report details the original abdominal

approach to the hiatus. His operation consisted of reduction
of the hernia and closure of the opening of the diaphragm. He
described his operative technique such that “the suture has to
close in the most perfect manner the opening of the dia-
phragm especially around the organs that pass through it,
esophagus, vena cava, aorta, but without compressing the
important organs just mentioned. If the esophagus or the aorta
are found in the gap the stitch is somewhat modified: The
needle goes through the most superficial layer of the organ
that is included in the gap, but the surgeon must be exceed-
ingly careful not to enter the lumen of the organ.”

Following Soresi’s report, interest in the surgical treat-
ment of hiatal hernia grew. Stuart Harrington27,28 and his
colleagues at The Mayo Clinic published their experience
treating 27 patients in 1928. The Mayo clinic group refined
the criteria for patient selection, choosing to observe patients
whose hiatal hernias were discovered radiographically during
the course of a general examination. Patients felt to have
symptomatic diaphragmatic hernias were usually approached
transabdominally. The operation was basically the one that
Soresi had used 10 years earlier. Harrington emphasized that:
“closure of the hernia opening is essential for the relief of
symptoms.” When he was not able to close the diaphragm, he
sutured the herniated viscera to the abdominal wall, a proce-
dure that he called “palliative.” He also introduced phrenic
neurectomy via a cervical incision as an adjunct in cases of
large hiatal hernias where the hiatus was difficult to close. He
reported zero mortality, and his recurrence rate was 12.5%.
The correction of hiatus hernia by paralyzing the left hemi-
diaphragm was tried by other surgeons over the next 2
decades. The results were unpredictable and the method was
finally abandoned.

In 1950, Richard Sweet29 from Massachusetts General
Hospital published his transthoracic technique. Sweet, using
many of the principles developed in the treatment of inguinal
hernias, reduced the hernia, crushed the phrenic nerve, and
plicated the hernia sac. He then narrowed the hiatus with heavy
silk sutures until he could get his index finger between the
esophagus and the rim of the hiatus. Sweet suggested that in
some cases an additional suture of fascia lata obtained from the
left thigh should be used to reinforce the repair. This technique
may be the predecessor of the current use of pledgeted sutures.
Sweet also reported that in some cases the esophagus was
congenitally short, preventing reduction of the stomach into the
abdomen. In these cases, he suggested that no attempt to alter the
location of the cardia and stomach needed to be made. Two
years later, he reported a series of 111 consecutive cases of hiatal
herniorrhaphies with good short-term results.30

Hiatal Hernia in the Second Half of the 20th

Century
Although it seems surprising to today’s surgeons, a

physiologic link between hiatal hernia and gastroesophageal
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reflux had yet to be made as the second half of the 20th

century began. Surgical procedures were based solely on
anatomic observations. Many surgeons believed that symp-
toms in patients with hiatal hernias emanated from pinching
of the stomach as it traversed the hiatus. The surgeons of the
first half of the 20th century had focused on correcting an
anatomic defect. To their dismay, many patients had success-
ful restoration of anatomy but persisting symptoms. Surgeons
were inclined to focus on the degree of hiatal closure as
responsible for persisting symptoms, and some, such as
Saeurbruch in Berlin, went so far as to enlarge the hiatal
orifice to relieve the presumed constricting effect of the hiatal
fibers on the herniated stomach!

Philip Allison in Leeds and Norman Barrett in London
played a major role in changing the established perception of
the sliding hernia from that of an anatomic mechanical
condition to a functional physiologically based disorder and
established that reflux esophagitis and its complications were
the physiologic consequences of anatomic abnormalities. Al-
lison should be credited for initiating the modern era of
antireflux surgery. In his classic paper published in 1951,31 he
aimed to “emphasize the relation between the altered physiology
at the cardia, and a common form of indigestion consisting
mainly of heartburn, gastric flatulence and postural regurgita-
tion” (Fig. 2A). He attributed the occurrence of these symptoms
to reflux esophagitis due to incompetence of the gastroesopha-
geal junction and he stated that “the cause of the incompetence
is a sliding hernia of the stomach through the esophageal hiatus
of the diaphragm into the posterior mediastinum.” Allison fo-
cused on the crural sling as the key factor in preventing reflux.
He believed these crural fibers functioned as a pinchcock to
prevent reflux. His transthoracic surgical technique consisted of
(1) reduction of the herniated cardia back into the abdomen; (2)

retention of the cardia to that position by suturing the phrenoe-
sophageal ligament and peritoneum to the abdominal aspect of
the diaphragm; and (3) approximation and light suture of the
crural fibers behind the esophagus. Allison emphasized the
importance of light suture so that the muscle fibers of the hiatus
could continue to function. Allison classified hiatal hernia into 2
types: the sliding hernia and the paraesophageal or rolling, now
more commonly designated as the type I and type II, and he
observed that these 2 types give rise to different symptoms and
had a different prognosis.

Allison supported the surgical treatment of sliding
hernias for 2 reasons. Primarily, because the symptoms from
reflux esophagitis were distressing to the patient and also
because he had noticed that “persistent superficial inflamma-
tion is liable to be complicated by ulceration or fibrosis with
stricture formation, when the surgical treatment may become
unavoidable and much more formidable.” Over a 5-year
period, Allison saw 204 patients with hiatal hernias, and he
had operated on 33 patients with hiatal hernias and esoph-
agitis but no stenosis. There was 1 death, and 30 of 32
surviving patients had excellent short-term results. Twenty-
two years later, he reviewed 421 of his own cases and
reported a recurrence of the hernia or gastroesophageal reflux
in 49% of his sliding hiatal hernia repairs. He was courageous
enough to report this to the American Surgical Association
meeting in 1973.32

Whereas Allison focused on reduction of the hiatal
hernia and proper closure of the diaphragmatic sling, Norman
Barrett33 focused on restoration of the cardioesophageal an-
gle as the critical element in the prevention of reflux (Fig.
2B). Long before fiberoptic endoscopies could confirm it, he
postulated the presence of a fold of mucosa at the gastro-
esophageal junction that functioned as a flap valve. Restora-

FIGURE 2. A, Phillip Allison believed that sliding hiatal hernias caused incompetence of the gastric cardia and focused on the crural
sling as the key factor in preventing gastroesophageal reflux. He was courageous enough to present a 20-year follow-up of his
work showing a failure rate of nearly 50%. B, Norman Barrett believed restoration of the costophrenic angle was essential to
prevent reflux. He also described the presence of columnar epithelium in severe esophagitis (ie, Barrett’s esophagus).
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tion of the cardiophrenic angle was therefore the key objec-
tive of an antireflux operations, a concept that became central
to subsequent operations developed by Belsey and Hill. Apart
from his classic report on the columnar lined esophagus and
its ulcerative complications, Barrett also emphasized the
frequency of sliding hiatus hernia, the occurrence of para-
esophageal hernia, and he discussed the way in which acid
reflux is prevented. He reported, “To summarize my views
about the rationale of operations to cure reflux esophagitis, I
believe that the hernia should be reduced because its presence
permits reflux; the esophageal hiatus may sometimes require
diminishing in size in the hopes that this maneuver will help
to prevent a recurrence of the hernia; the esophagogastric
angle should be reconstituted by fixing the cardia below the
diaphragm and so allowing the fundus of the stomach to
ballon up under the dome.” Barrett considered the phrenoe-
sophageal ligament of no importance, and he believed that the
left gastric artery and its mesentery were the anatomic struc-
tures that maintained the stomach under the diaphragm in
normal people. Barrett’s contributions stimulated surgeons to
design procedures aimed at improving the function of the
cardia rather than simply focusing on hernia reduction.

The confluence of 2 streams of thought, the anatomic
focusing on herniation and the physiologic focusing on acid
reflux, were critical to the development of modern hiatal
hernia surgery. The identification of the lower esophageal
sphincter and use of manometry were reported in 1956.34,35

Esophageal pH monitoring would come 2 decades later.36

These tools linked anatomy and physiology to permit accu-
rate diagnosis of reflux disease and provided an objective
standard for evaluation of surgery. In the midst of this
physiologic revolution, Rudolph Nissen and Ronald Belsey
developed the operations used by most surgeons in the 21st
century.

The development of the Nissen fundoplication has been
falsely described as an example of progress in surgery by
accident. In fact, Rudolf Nissen was a man of great power of
observation, and his pioneering contribution was the result of
30 years of surgical trials (Fig. 3). Nissen, the son of a
Prussian physician, began his career in Munich as an associ-
ate to Professor Sauerbruch. Although Nissen was to be
remembered for the development of his antireflux operation,
he began his career performing surgery for victims of tuber-
culosis. He was the first Western surgeon to perform a
successful pneumonectomy, reporting this in 1931, 2 years
before Evarts Graham did so in the United States.37 When
Hitler enacted the Jewish Boycott in 1933, Nissen fled from
Berlin and became chief of surgery in Istanbul. In 1936, he
treated a 28-year-old man with a distal esophageal ulcer
penetrating into the pericardium. The procedure performed
was a transpleural mobilization and resection of the distal
esophagus and cardia with insertion of the esophageal stump
into the gastric fundus. In an effort to prevent leakage of the

esophagogastric anastomosis, he implanted the distal segment
of the esophagus into the anterior wall of the gastric body
using the Witzel technique used for gastrostomies. The pa-

FIGURE 3. A, Rudolph Nissen. In spite of being Professor
Sauerbruch’s most prized associate, Nissen fled Nazi Germany
in 1935 and subsequently worked in Istanbul, New York City,
and Basel. B, Nissen reported his first 2 successful fundoplica-
tions in 1956. (From reference 43 with permission.)
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tient survived, and Nissen noted in follow-up that the pa-
tient’s reflux symptoms had been abolished.38 In spite of this
success, Nissen used the techniques of Harrington and Alli-
son during the 1940s and early 1950s for treatment of hiatal
hernias, but he was disappointed by the high incidence of
relapses. In 1946, while chief of surgery at Maimonides
Hospital in New York, the famous American radiologist
Gustav Bucky came to see Nissen, desperately ill from an
incarcerated paraesophageal hernia. Nissen reluctantly agreed
to operate on Bucky but judged that Bucky was too frail to
tolerate a thoracotomy. In spite of the fact that nearly all
hiatal hernia repairs had been performed transthoracically,
Nissen performed a laparotomy, reduced the hernia, and
performed an anterior gastropexy. The patient recovered
completely and remained free of symptoms throughout a
follow-up of more than 15 years. At that time, Nissen felt that
this procedure might prove effective in high-risk elderly
patients, and he considered accentuation of the angle of His
as the mechanism of action of gastropexy.39 It is unknown if
Nissen was aware that Boerema had published the first
description of anterior gastropexy (ie, the fixation of the
lesser curvature of the stomach to the anterior abdominal
wall) as the sole necessary procedure in the surgical repair of
hiatus hernia 1 year previously.40 Though transabdominal
hernia reduction and gastropexy remain useful adjuncts in the
surgical management of paraesophageal hernias, the benefits
of anterior gastropexy proved to be short lived for the
management of sliding hernias and reflux symptoms. In 1955,
disillusioned with the results of gastropexy, Nissen recalled
the success of his procedure in Istanbul and opted to create a
similar Witzel tube around the esophagus, though this time
without esophageal resection. Furthermore, given the large
experience with gastroplasty, he decided to perform this
procedure transabdominally. Now in Basel, Switzerland, he
operated upon a 49-year-old woman with a 3-year history of
reflux esophagitis without a hiatal hernia. The phrenoesopha-
geal ligament was divided and the esophagus mobilized,
while the short gastric arteries were not divided. Using his
right hand, he then passed the gastric fundus behind the
stomach through an opening provided by the divided gastro-
hepatic ligament. A fundoplication was performed wrapping
both anterior and posterior walls of the stomach around the
lower 6 cm of the esophagus. He used 4 or 5 interrupted
sutures, 1 or more of which also incorporated part of the
anterior wall of the esophagus. The wrap was performed
around a large-bore indwelling intraesophageal stent. The
clinical outcome was excellent and was reproduced in a
subsequent patient. These 2 cases were published in 1956,
and Nissen named the operation gastroplication.41–43

Whereas Nissen relied on his keen sense of memory
and intuition, the Belsey Mark IV operation was the culmi-
nation of years of observations in the Frenchay endoscopy
unit in Bristol, England. Since late 1940s, Ronald Belsey had

embarked upon a program of surgical trials based on his
endoscopic observations. Using a rigid endoscope and exam-
ining the sedated but awake patient in the sitting position,
Belsey came to appreciate that reflux was the result of a
patulous cardia. Reduction of the cardia below the diaphragm
was felt to be a key to maintaining the cardiophrenic angle
and hence competence of the lower esophageal sphincter.
These observations prompted him to design a new procedure
based on the assumption that the restoration and maintenance
of an intraabdominal segment of esophagus could play a role
in the control of reflux. Belsey assumed that a transthoracic
approach was mandatory because extensive mobilization of
the esophagus would be routinely necessary to restore the
intraabdominal esophageal segment without tension. He fo-
cused his efforts on the design of a procedure taking into
account 2 main issues: (1) the necessary length of intraab-
dominal esophagus to be restored; (2) the simplest means of
maintaining this segment intraabdominally. Belsey believed
that the application of surgical techniques evolved in animal
models was unrewarding and consequently these 2 main
issues would have to be solved by surgical trial and error.
Additionally, he considered long-term follow-up to be the
only means for the assessment of a new surgical technique.

Belsey followed his own principles rigorously, and
perhaps the most salient lesson derived from his work is his
remarkable restraint in deferring publication until the long-
term success of his operation was assessed in a large number
of patients. He called his final procedure Mark IV to serve
notice that this was not his first thought (and possibly not his
last) on the subject but the result of a series of surgical trials
designated as Marks I, II and III. Mark I was essentially
Allison’s procedure, while Marks II and III represented
various degrees of fundoplication. These initial 3 techniques
were tested during the period 1949 to 1955, and the results
were unsatisfactory in about a third of the patients. There
were also 7 postoperative deaths. The final Mark IV operation
was adopted in 1952; Belsey published his findings only after
he became sufficiently satisfied with the durability of the
technique he had developed. Thus, in 1961, Hiebert44 re-
ported the results of 71 surgically treated patients with symp-
tomatic reflux but no demonstrable hernia, and 6 years later in
a classic and extremely influential paper, Skinner and Bel-
sey45 reviewed the long-term follow-up of 1030 patients,
most with hiatal hernia. With a minimum follow-up of 5
years, 85% of patients had no reflux symptoms (Fig. 4A).

Another significant development occurred in 1957,
when J. Leigh Collis in Birmingham, England, published his
innovative operation for treating the difficult problem of the
irreducible hiatal hernia, esophagitis and stricture.46 Collis
believed that “the acute angle of implantation of the esoph-
agus into the stomach which in turn is produced by the
normally functioning crural muscle can be effective alone in
controlling gastroesophageal competence.” His goal was to
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design a procedure to avoid the complicated resectional
operations and the endless esophageal dilatations, especially
“in the frail and aged.” Collis gastroplasty created contro-
versy and did not prove to fully control reflux esophagitis.
Many surgeons reported significant early and late complica-
tions, some resulting from the creation of an iatrogenic
Barrett’s esophagus. The technique, however, was not with-
out significant merit. Robert Henderson and Griffith Pear-
son47 in Toronto in 1976 combined Collis gastroplasty with
the Belsey procedure in a group of difficult patients (previ-
ously failed antireflux operation and a shortened esophagus,
stricture, transmural ulcerative esophagitis, large combined
sliding, and paraesophageal hernia difficult to be reduced
without tension) and reported outstanding results. Mark Or-
ringer and Herbert Sloan48 in Ann Arbor combined Collis
gastroplasty with the Nissen 360-degree antireflux gastric
wrap. The Ann Arbor group also published excellent results.
The problem of the firm, fixed, fibrous strictures occurring as
a result of peptic esophagitis was also addressed by Alan
Thal, who described his technique using a gastric patch in
1965.49

While Nissen was performing his initial fundoplica-
tions, Lucius Hill carefully studied the physiology and anat-
omy of the gastroesophageal junction and esophageal hiatus
(Fig. 4B). He further elucidated the mechanism of gastro-
esophageal reflux using manometry to demonstrate the exis-
tence of a high-pressure zone in the terminal esophagus. He
also was a pioneer in the use of pH sensing to confirm the
diagnosis of gastroesophageal reflux preoperatively and then
confirm the physiologic success of his operations. Hill’s
extensive studies of the anatomy of the esophageal hiatus in
cadavers led him to conclude that the strongest portion of the
phrenoesophageal membrane lay posteriorly both as direct
attachments to the esophagus and the median arcuate liga-

ment. Combining his understanding of lower esophageal
sphincter function and anatomy, Hill demonstrated that main-
tenance of the cardiophrenic angle was the essential element
in the control of gastroesophageal reflux. Hill then designed
an operation that restored the angle of His by reapproximat-
ing the phrenoesophageal bundles and anchoring them to the
median arcuate ligament. Hill was as passionate as his rivals,
Nissen and Belsey, in proclaiming the superiority of his
technique. His original report, “Newer Concepts of the Patho-
physiology of Hiatal Hernia and Esophagitis,” lambasted
many of his predecessors for poor follow-up and lack of
objective determination of reherniation or reflux. He wrote
that “these points indicate that current repair of hiatal hernia
is in about the same state as repair of inguinal hernia at the
time of Bassini and Halsted in 1888. Their recurrence rates
for inguinal hernia were lower in 1888 than they are for hiatal
hernia in current documented reports.”50 In 1967, Hill pub-
lished his 8-year experience with the technique he had de-
veloped.51 He designated his operation as posterior gas-
tropexy, and this operation became the only gastropexy
procedure that has withstood the test of time. In Hill’s initial
experience, there was a high incidence of postoperative
dysphagia, so Hill subsequently performed the procedure
using intraoperative manometry. This unique approach al-
lowed tailoring of the anchoring sutures to achieve a lower
esophageal sphincteric pressure of 35 mm Hg or less. In the
subsequent 30 years, Hill continued to study the anatomic and
physiologic aspects of gastroesophageal reflux. In the mid-
1990s, he described the flap valve mechanism of the cardia,
an anatomic feature so important it is now incorporated into
anatomic textbooks. Additionally, he proposed a grading
system of the flap valve mechanism that correlated with the
patient’s reflux status better than the measurement of the
lower esophageal sphincter pressure alone.52,53

FIGURE 4. A, Ronald Belsey refused
to publish his results until he had
documented the success of his Mark
IV procedure with compulsive long-
term follow-up. B, Lucius Hill devel-
oped the posterior gastropexy (Hill
Repair) on the basis of extensive
manometric studies and cadaver dis-
sections. He also “customized” every
procedure on the basis of intraoper-
ative manometry.
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In the 1970s, Nissen’s fundoplication was rapidly
adopted worldwide and became the most popular antireflux
operation. The original operation underwent modifications by
Nissen himself, as well as by other surgeons. Closure of the
hiatus was recognized as an essential part of all antireflux
procedures to avoid herniation of the fundoplication. An
important modification was described by Rudolf Nissen’s
favorite pupil, Mario Rossetti (Fig. 5).43 This was the creation
of the fundoplication using only the anterior wall of the
gastric fundus. As Hill was fond of pointing out, dysphagia
was extremely common following a Nissen fundoplication. In
Europe, construction of a partial wrap (less than 360 degrees)
was proposed by Dor et al54 and Andre Toupet55 in an effort
to minimize the postoperative symptoms plaguing patients
who underwent Nissen fundoplication. When Toupet intro-

duced this concept in the early 1960s, he was harshly criti-
cized, and his procedure received little attention until the
laparoscopic era. In the United States, Donahue et al56 and
Demeester and Johnson57 also worked to improve on Nis-
sen’s operation. They were the first to truly understand the
physiologic mechanism of Nissen’s fundoplication and mod-
ified it by division of short gastric vessels and the creation of
a loose floppy wrap. Demeester and Johnson evaluated the
optimal length of the wrap and convincingly showed that a
loose wrap of just 2 cm was sufficient for reflux suppression
and reduced the incidence of troublesome postoperative
bloating and dysphagia.58 It is this modification of the orig-
inal Nissen fundoplication that is most commonly performed
in the laparoscopic era.

The development of minimally invasive surgical tech-
niques has led to a dramatic increase in the number of
antireflux operations being performed. The widespread avail-
ability of physiologic testing with esophageal motility studies
and 24-hour pH probe studies has greatly improved the
identification of those patients likely to benefit from surgery.
A description of the many significant developments in the
laparoscopic era is beyond the scope of this review. Modern
surgeons working in an era of animal rights, privacy protec-
tion, and public wariness of clinical trials will be hard pressed
to duplicate the feats of the pioneers in hiatal hernia surgery.
The lessons learned about the physiologic basis of gastro-
esophageal reflux and the need for long-term follow-up will
need to be applied as new techniques are introduced and
marketed. It will be interesting to see how the 21st-century
surgeons adjust to the current environment to achieve the
high standards set by their predecessors.
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